Hemostasis in a skin wound is measured by the bleeding time. This phenomenon was first observed by Duke in 1910 (1). Improvements in the bleeding time technique, as described by Duke (1, 2), have since been made. Roskam (3) washed the blood emerging from the wound with a fine jet of water at an even pressure and temperature in order to avoid disturbing the lips of the wound by blotting. Ivy, Shapiro, and Melnick (4) attempted to eliminate the variable of capillary tonus by applying the cuff of a sphygmomanometer around the arm with a pressure of 40 millimeters of mercury. Tocantins (5) devised an instrument with which he produced a uniform wound on the dorsal surface of the forearm. Dishoeck and Jongkees (6) produced surface skin wounds 4 mm. in diameter on the lobe of the ear, thereby cutting the capillaries without injuring the larger vessels.
Hemostasis in a skin wound is measured by the bleeding time. This phenomenon was first observed by Duke in 1910 (1) . Improvements in the bleeding time technique, as described by Duke (1, 2), have since been made. Roskam (3) washed the blood emerging from the wound with a fine jet of water at an even pressure and temperature in order to avoid disturbing the lips of the wound by blotting. Ivy, Shapiro, and Melnick (4) attempted to eliminate the variable of capillary tonus by applying the cuff of a sphygmomanometer around the arm with a pressure of 40 millimeters of mercury. Tocantins (5) devised an instrument with which he produced a uniform wound on the dorsal surface of the forearm. Dishoeck and Jongkees (6) produced surface skin wounds 4 mm. in diameter on the lobe of the ear, thereby cutting the capillaries without injuring the larger vessels.
In order to control most of the known factors which influence the bleeding time, we felt it necessary to adopt the principle introduced by Dottl and Ripke (7) of bleeding into fluid. Variations in temperature have been shown by Konig (8) and Roskam (3) to influence the bleeding time in men, and by D6ttl and Ripke (7) and the authors (9) to influence the bleeding time in mice. In carrying out these tests the temperature was constantly kept at 37.50 C. Changes of venous pressure, movements of the hand and arm, and pressure on the wound margins in the process of blotting the blood have been eliminated. We were unable to control the size and the number of vessels cut. Nevertheless, we attempted to keep more constant the factors of skin elasticity and the number and size of vessels cut by inflicting deeper puncture wounds than are commonly employed. The objective was 1 (Figure 1 ). We had 145 difficulty in maintaining the sharpness of the blade since commercial stylets are constructed of untempered steel. Area I of the finger, as shown in Figure 1 , is to be preferred, since injury to the periosteum or bone is least likely. The heated phalanx was removed temporarily while the prick wound was inflicted. During the test the subject sat quietly in an armchair. The position of the hand was kept at a level of 10 to 15 cm. below the base of the subject's heart to eliminate changes in venous pressure. The bleeding time was measured with a stop watch from the moment the wound was inflicted until the flow of blood stopped.
Two types of blood flow were differentiated following the production of the puncture wound: a non-pulsating, and a pulsating flow synchronous with the radial pulse. The pulsating flow may emerge with great force, perpendicular to the long axis of the finger; or it may flow directly down into the container. Not all perpendicular flows had pulsations synchronous with the heart beat. According to the amount of delivery of blood from the wound, the blood flow was further differentiated into various strengths: very strong (ss), strong The influence of various temperatures on the bleeding time was investigated, using saline solutions of the following temperatures: 12.5, 25, 37.5, and 50, + 1°C.
We observed, in addition to the red or blood flow, a whitish flow which may be observed alone or simultaneously with the red flow. The whitish flow, which we believe is a mixture of lymph, tissue fluid, and plasma was measured from the time the wound was inflicted until the flow stopped. We propose to name the duration of this whitish flow the "lymph time", in differentiation from the bleeding time. It may be noted that for the observation of the "lymph time", strong illumination and a clear physiological saline solution are required. At times this whitish flow may be interspersed with beadlike masses of blood and thus assumes a thread-like appearance.
A latent period was measured from the infliction of the prick wound until the blood flow started. Clot appearance at the site of the wound was observed during and following the bleeding time. The size and appearance of this external clot were studied.
The effect of capillary tonus (4) was investigated by applying a cuff-pressure of 40 mm. Hg around the arm, after which the bleeding time and "lymph time" were determined. In another series of investigations, immediately after the "lymph flow" had stopped, a cuff-pressure of 100 mm. Hg was applied for 3 minutes in order to observe whether a blood flow or "lymph flow" could be provoked. The phenomenon of clot appearance over the mouth of the wound was observed. Bleeding time, "lymph time", and clot appearance were compared in 53 subjects. Twenty-five of those are shown in Table V . No apparent correlation exists between the bleeding time and the "lymph time".
Invariably the "lymph time" is of longer duration than the bleeding time. In 6 subjects no external clot was seen after the bleeding time and "lymph time" measurements were completed. In In 3 cases the external clot which was observed at the end of bleeding time enlarged during the flow of "lymph". Table V suggests that clot appearance does not occur with shorter bleeding and shorter "lymph flows".
Experiments with 100 mm. of mercury cuffpressure An attempt was made to renew the flow of blood or "lymph" following intervals of 0.5 to 50 minutes after bleeding had stopped. The effects of a cuff-pressure of 100 mm. Hg for 3 minutes were studied on 55 subjects in order to determine whether the clot which had formed inside of the wound would be able to resist such an increase in venous pressure.
In 3 cases the clot was unable to resist this pressure, and a flow of blood started again. These red flows began from 49 to 234 seconds after the blood flow had stopped and lasted from 90 to 240 seconds. In each instance, these blood flows stopped while the pressure was being maintained. In this group of persons it was not possible to make a wound resume bleeding with this pressure 4 minutes after blood flow had stopped.
"Lymph flows" were renewed in 45 instances. In 39 cases the flow of "lymph" continued over the 3-minute period, and in 6 instances "lymph flow" stopped before the 3 minutes were over. In 7 other cases no "lymph flow" was initiated by the cuff-pressure. The effect of cuff-pressure on the clot appearance was also studied. No change was seen in the external clots which had appeared in 15 instances at the end of bleeding or during the "lymph flow". In 15 other cases, the external clot was enlarged following application of cuffpressure. In 7 persons no clot appeared after pressure.
During the flow of "lymph" we occasionally observed the whitish flow interspersed with beadlike red masses. These masses may be due either to the escape of blood from opened vessels at intervals or to disintegration of the clot. This flow was produced following application of cuffpressure in 12 of 55 instances, and it lasted from 15 to 120 seconds. In eleven cases this flow occurred from 2 to 9 minutes following the cessation of the blood flow.
DISCUSSION
The normal bleeding time
The normal Duke bleeding time is between 30 and 180 seconds according to Ivy, Shapiro and Melnick (4) and between 60 to 180 seconds according to Tocantins (5) . Ninety-five per cent of our values were between 17 and 180 seconds. One wonders if bleeding times between 3 and 6 minutes, which we designate as slightly prolonged, are pathologic. We cannot answer this question at the present time. Values over 6 minutes, which we regard as pathologic, were found in but one case of thrombopenia. As a rule, the majority of the bleeding times in one individual agree within + 30 seconds. In the case of E. C. K. (Table   II) , where 6% months elapsed between tests, it is possible that the hemostatic function of the skin may have undergone a change during this time. Tests performed at 37.50 C. have shorter bleeding times than at 250 C. and agree more closely when repeated. These findings are, on the whole, similar to data obtained by Dale and Laidlaw (10) in studies on the influence of temperature upon the blood coagulation time. In contrast to the results of Roskam (3), we found that the bleeding time is practically the same at 37.50 C. as at 500 C. The increased incidence of pulsating flow following application of cuff-pressure may be due to the transmission of the arteriolar pulsation into the capillaries following venous obstruction.
Our method can be used to study hemostatic substances in vivo, or locally by adding them to the isotonic saline bath. Furthermore, studies on the fragility of the erythrocytes can be undertaken directly by changing the tonicity of the saline bath.
It is known that following the production of a puncture wound the capillaries contract initially and that dilatation occurs (11) . The duration of this initial contraction may be obtained by measuring the latent period. Our findings indicate that the initial capillary contraction may not be eliminated by 40 mm. Hg cuff-pressure. Probably the pain stimulus produced by the infliction of the puncture wound is responsible for these long latent periods.
The lymph time In the production of the puncture wound not only are the blood vessels injured, but the tissue spaces, cells, and the lymph vessels are also opened. Since we were unable to differentiate tissue fluid from lymph, we assume that these fluids are mixed following injury. It may be noted that the rose coloration of the whitish flow may be due to the admixture of red blood cells with the tissue fluid. We do not believe that this whitish flow is serum from the clot which has formed in the wound for the following reasons: First, the whitish flow can be observed simultaneously with the red flow; second, we have frequently found that an inadequate puncture wound will produce a whitish flow without any blood. The reason why the "lymph" continues to flow after the bleeding stops is probably due to the hypocoagulability of the lymph. It is well established that lymph coagulates (12) .
The majority of lymph times are below 16 minutes. The significance of the lymph time cannot be evaluated at present. We suggest that it may be a measure of wound seepage which might affect wound healing. The slightly increased "lymph time" on application of 40 mm.
Hg cuff-pressure may be due to the increased lymph flow resulting from the increased venous pressure.
The blood clot Agglutination of platelets and blood coagulation are two separable processes in mammals (13) . We believe that both the agglutination of platelets and the conversion of fibrinogen to fibrin are responsible for the firmness of the clot and its ability to plug the wound. Usually the clot which forms inside of the wound is sufficient to stop the blood flow, although it may not prevent the seepage of "lymph". In the majority of cases, the clot which has formed in the wound extends beyond the wound margins and thus becomes what we have called "the external clot" or "clot appearance." During the flow of "lymph", the external clot may enlarge. A correlation between clot appearance and duration of bleeding time or "lymph time" is suggested in Table V Increasing the cuff-pressure to 100 mm. Hg often increased the size of the external clot. This may be due to the increased pressure in the capillary bed and engorgement of the tissue spaces. It is very difficult to dislodge the clot and provoke the flow of blood again once bleeding has stopped in normal individuals. Complete dislodgment of the clot, which was indicated by a renewal of the red flow, occurred in but 3 cases. In no instance was it possible to dislodge the clot 4 minutes, or longer, after the blood flow had stopped. In contrast to this, clot resistance studies in 2 cases of hemophilia differed markedly. In both hemophiliacs whose bleeding times were normal it was possible to renew the flow of blood by applying 100 mm. Hg pressure 75 minutes after bleeding had stopped. The bleeding stopped within 30 seconds, however, when the cuff-pressure was reduced to 40 mm. of mercury. Clot resistance expresses both the solidity of the clot and its ability to adhere to the skin wound. Clot resistance is therefore a measure for hemostasis.
Magnus (14) contended that the all-important factor in the control of capillary bleeding is the ability of the vessel wall to contract. Macfarlane (15) , however, while emphasizing that capillary contraction plays the primary role in the cessation of bleeding, admits that the solidity of the clot is an important factor. It cannot be denied that the capillaries are involved in the cessation of bleeding from a wound; however, we feel that definite proof is lacking that capillary contraction plays the primary role in hemostasis. In this connection it may be of interest to report a case of postoperative shock during which bleeding times were 17 and 30 seconds. We have shown in a previous communication (9) that excessive doses of heparin can produce bleeding tendencies in most mice, and bleeding times longer than 30 minutes in some. Several mice which had a normal bleeding time could still bleed to death from their prick wound if they dislodged the clot which covered the wound. These findings and the results in the two hemophiliacs support the hypothesis that the firmness with which the clot is attached to the wound plays a vital r6le in hemostasis. SUMMARY A new method for the determination of bleeding time is described in which the principle of bleeding into fluid is employed. Various factors known to influence the bleeding time were controlled. Blood flows were differentiated with respect both to the volume output of blood from the wound and pulsation of the flow. The range of normal bleeding time for this method was established. The effects of temperature and capillary tonus on the bleeding time were studied.
The phenomena of "lymph time", latent period, a beaded flow of blood, clot appearance, and clot resistance, are described. In normal individuals, the clot, when formed, could not be dislodged by applying 100 mm. of mercury cuff-pressure 4 minutes after bleeding had stopped. In 2 hemophiliacs, however, it was possible to dislodge the clot and renew the blood flow 75 minutes after the cessation of bleeding. The mechanism of hemostasis is discussed.
